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Abstract: 

A similarity measure is used to tackle many issues that include indistinct and blurred information, 
excluding is not able to deal with the general fuzziness and obscurity of the problems that have 
various information. In this paper, we study some basic concepts which are helpful for us to build 
the structure of the article, such as soft set, neutrosophic soft set, hypersoft set, neutrosophic 
hypersoft set (NHSS), and interval-valued NHSS, etc. The main objective of the present research is 
to develop a cosine similarity measure and set-theoretic similarity measure for an IVNHSS with 
their necessary properties. A decision-making approach has been established by using cosine and 
set-theoretic similarity measures. Furthermore, we used to develop a technique to solve multi- 
criteria decision-making problems. Finally, the advantages, effectiveness, flexibility, and 
comparative analysis of the algorithms are given with prevailing methods. 


Keywords: Neutrosophic soft-set; hypersoft set; neutrosophic hypersoft set; interval-valued 
neutrosophic hypersoft set; similarity measures 


1. Introduction 


Decision-making is an interesting concern to pick the perfect alternate for any specific 
persistence. Firstly, it is pretended that details about alternatives are accumulated in crisp numbers, 
but in real-life situations, collective farm information always conquers wrong and inaccurate 
information. Fuzzy sets are like sets having an element of membership (Mem) degree. In classical set 
theory, the Mem degree of the elements in a set is examined in binary form to see that the element is 
not entirely concomitant. In contrast, the fuzzy set theory enables advanced Mem categorization of 
the components in the set. The Mem function portrays it, and also the multipurpose unit interval of 
the Mem function is [0, 1]. In some circumstances, decision-makers consider objects’ Mem and 
nonmember-ship (Nmem) values. Zadeh’s FS cannot handle imprecise and vague information in 
such cases. Atanassov [2] developed the notion of intuitionistic fuzzy sets (IFS) to deal above 
mentioned difficulties. The IFS accommodates the imprecise and inaccurate information using Mem 
and Nmem values. 

Atanassov IFS was unable to solve those problems in which decision-makers considered the 
membership degree (MD) and nonmembership degrees (NMD) such as MD = 0.5 and NDM = 0.8, 
then 0.5+0.8 ¢ 1. Yager [3, 4] extended the notion of IFS to Pythagorean fuzzy sets (PFSs) to 
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overcome above-discussed complications by modifying MD + NMD <1 to MD*?+ NMD? <1. 
After developing PFSs, Zhang and Xu [5] proposed operational laws for PFSs and established a DM 
approach to resolving the MCDM problem. Wei and Lu [6] planned some power aggregation 
operators (AOs) and proposed a DM technique to solve multi-attribute decision-making (MADM) 
issues under the Pythagorean fuzzy environment. Wang and Li[7] presented power Bonferroni mean 
operators for PFSs with their basic properties using interaction. Gao et al. [8] presented several 
aggregation operators by considering the interaction and proposed a DM approach to solving 
MADM difficulties utilizing the developed operators. Wei [9] developed the interaction operational 
laws for Pythagorean fuzzy numbers (PFNs) by considering interaction and established interaction 
aggregation operators by using the developed interaction operations. Zhang [10] developed the 
accuracy function and presented a DM approach to solving multiple criteria group decision-making 
(MCGDWM) problems using PFNs. Wang et al. [11] extended the PFS and introduced an interactive 
Hamacher operation with some novel AOs. They also established a DM method to solve MADM 
problems using their proposed operators. Wang and Li [12] developed some interval-valued PFSs 
and utilized their operators to resolve multi-attribute group decision-making (MAGDM) issues. Peng 
and Yuan [13] established novel operators such as Pythagorean fuzzy point operators and developed 
a DM technique using their proposed operators. Peng and Yang [14] introduced fundamental 
operations and their necessary possessions under PFSs and planned DM methodology. Garg [15] 
developed the logarithmic operational laws for PFSs and proposed some AOs. Arora and Garg [16] 
presented the operational laws for linguistic IFS and developed prioritized AOs. Ma and Xu [17] 
presented some innovative AOs for PFSs and proposed the score and accuracy functions for PFNs. 

Above mentioned theories and their DM methodologies have been used in several fields of life. 
But, these theories cannot deal with the parametrization of the alternatives. Molodtsov [18] 
developed soft sets (SS) to overcome the complications, as mentioned earlier. Molodtsov’s SS 
competently deals with imprecise, vague, and unclear objects considering their parametrization. Maji 
et al. [19] prolonged the notion of SS and introduced some necessary operators with their properties. 
Maji et al. [20] established a DM technique using their developed operations for SS. They also merged 
two well-known theories, such as FS and SS, and established the concept of fuzzy soft sets (FSS) [21]. 
They also proposed an intuitionistic fuzzy soft set (IFSS) [22] and discussed their basic operations. 
Garg and Arora [23] extended the notion of IFSS and presented a generalized form of IFSS with AOs. 
They also planned a DM technique to resolve undefined and inaccurate information under IFSS 
information. Garg and Arora [24] presented the correlation and weighted correlation coefficients for 
IFSS and developed the TOPSIS approach utilizing established correlation procedures. Zulgarnain et 
al. [25] introduced some AOs and correlation coefficients for interval-valued IFSS. They also extended 
the TOPSIS technique using their developed correlation measures to solve the MADM problem. Peng 
et al. [26] proposed the Pythagorean fuzzy soft sets (PFSSs) and presented fundamental operations 
of PFSSs with their desirable properties by merging PFS and SS. Athira et al. [27] proposed the 
entropy measure for PFSSs. They also presented some distance measures for PFSSs and utilized their 
developed distance measures to solve DM [28] issues. Zulqarnain et al. [29] introduced Einstein 
operational laws for Pythagorean fuzzy soft numbers (PFSNs) and developed Einstein AOs utilizing 
defined operational laws for PFSNs. They also planned a DM approach to solve MADM problems 
with the help of presented operators. Riaz et al. [30] prolonged the idea of PFSSs and developed the 
m polar PFSSs. They also established the TOPSIS method under the considered hybrid structure and 
proposed a DM methodology to solve the MCGDM problem. Riaz et al. [31] developed the similarity 
measures for PFSS with their fundamental properties. Zulqarnain et al. [32, 33] protracted the Einstein 
ordered AOs for PFSSs and utilized their developed approach to solving the MAGDM problem. 

All the above studies only deal the inadequate information because of membership and non- 
membership values. However, these theories cannot handle the overall incompatible and imprecise 
data. To address such inconsistent and vague records, the idea of the neutrosophic set (NS) was 
developed by Smarandache [34]. Maji [35] offered the perception of a neutrosophic soft set (NSS) 
with necessary operations. The idea of the possibility of NSS was developed by Karaaslan [36] and 
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introduced a possibility of neutrosophic soft DM method based on And-product. Broumi [37] 
developed the generalized NSS with some operations and properties and used the projected concept 
for DM. Deli and Subas [38] developed the single-valued Neutrosophic numbers (SVNNs) to solve 
MCDM problems. They also established the cut sets for SVNNs. Wang et al. [39] proposed the 
correlation coefficient (CC) for SVNSs. Ye [40] introduced the simplified NSs with operational laws 
and AOs. Also, he presented an MCDM technique utilizing his planned AOs. Masooma et al. [41] 
progressed a new concept by combining the multipolar fuzzy set and NS, known as the multipolar 
NS. They also established various characterization and operations with examples. Zulqarnain et al. 
[42] offered the generalized neutrosophic TOPSIS and used their presented technique for supplier 
selection. 

All the above studies have some limitations. When any attribute from a set contains further sub- 
attributes, then the above-presented theories fail to solve such problems. To overcome the limitations 
above, Smarandache [43] protracted the idea of SS to hypersoft sets (HSS) by substituting the one- 
parameter function f to a multi-parameter (sub-attribute) function. Samarandache claimed that the 
established HSS competently deals with uncertain objects compared to SS. Several researchers 
explored the HSS and presented a lot of extensions for HSS [44, 45]. Zulqarnain et al. [46] presented 
the IFHSS, the generalized version of IFSS. They established the TOPSIS method utilizing the 
developed correlation coefficient. Zulqarnain et al. [47] proposed the Pythagorean fuzzy hypersoft 
sets with AOs and correlation coefficients. They also established the TOPSIS technique using their 
developed correlation coefficient and utilized the presented approach to select appropriate anti-virus 
face masks. Zulqarnain et al. [48, 49] presented some fundamental operations with their properties 
for interval-valued NHSS. Also, they proposed the CC and WCC for interval-valued NHSSS and 
established a decision-making approach utilizing their developed CC. Several researchers extended 
the notion of HSS and introduced different operators for hybrid structures of fuzzy hypersoft sets 
[50-55]. Broumi et al. [56] extended the mathematical algebra of neutrosophic graphs to the interval- 
valued neutrosophic graph. Broumi et al. [57] discussed several operations for interval-valued 
neutrosophic graphs and discussed their desirable properties. Singh [58] introduced a fuzzy three- 
way context using the properties of the interval-valued neutrosophic set, and its graphical properties 
deal with partial ignorance. Zulqarnain et al. [59, 60] proposed some fundamental operations for 
generalized multipolar neutrosophic soft sets and multipolar interval-valued neutrosophic soft sets. 
However, all existing studies only deal with the scenario by using MD and NMD of sub-attributes of 
the considered attributes. If any decision-maker considers the MD = 0.7 and NDM = 0.6, then 0.7 + 
0.6 < 1 of any sub-attribute of the alternatives. We can observe that the theories mentioned above 
cannot handle it. Zulqarnain et al. [47] proposed the more generalized notion of PFHSS comparative 
to IFHSS. The PFHSS accommodates more uncertainty compared to IFHSS by updating the condition 
MD + NMD <1 to (T5qq (8)) + (Ieqa (8)) < 1. All existing hybrid structures of FS cannot 
handle the indeterminacy of sub-attributes of considered n-tuple attributes. On the other hand, 
developed aggregation operators can accommodate the sub-attributes of considered attributes using 
truthiness, indeterminacy, and falsity objects of sub-attributes with the following condition 0 < 
Ora,)(5) + Tea,)(8) + Yeu, (8) S 3. It may be seen that the best selection of the suggested approach is to 


resemble the verbalized own method, and that ensures the liableness along with the effectiveness of the 
recommended approach. 


The following research is organized: In section 2, we recollected some basic definitions used in 
the subsequent sequel, such as NS, SS, NSS, HSS, NHSS, and IVNHSS. Section 3 proposes the 
similarity measures such as cosine and set-theoretic for NHSS with its properties. We established a 
decision-making technique to solve decision-making complications utilizing our developed 
similarity measures. In section 4, we use the proposed similarity measures for decision-making. A 
brief comparative analysis has been conducted between proposed techniques with existing 
methodologies in section 5. Finally, the conclusion and future directions are presented in section 6. 
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2. Preliminaries 


In this section,” we recollect some basic definitions which are helpful to build the structure of the 
following manuscript such as soft set, hypersoft set, and neutrosophic hypersoft set. 
Definition 2.1 [4] 
Let U be the universal set and € be the set of attributes concerning U. Let P(U) be the power set 
of U and AE €.A pair (F, A) is called a soft set over U, and its mapping is given as 

F:A > P(U) 
It is also defined as: 
(F,A) = {F(e) € P(U):e € E€,F(e) = Oife EA} 

Definition 2.2 [38] 
Let U be a universe of discourse and P(U) be a power set of U and k ={k,, kz, k3,..., Kn}(n 21) be 
a set of attributes and set kK; a set of corresponding sub-attributes of k; respectively with K; N K; = 
@ for n = 1 for each i, j € {1,23 ... n} and i # j. Assume K, x K, x K3* ... x Ky = A = 
{ip X Aox X +++ X Ay} bea collection of multi-attributes, wherel < hs a,1 sk < B,andi<sl< 
y,and a, B,and y € N. Then the pair (F, K, x K, x K3x...x K, = A) issaid to be HSS over U, and 
its mapping is defined as 
F: K, x Ky x K3x...* Ky = & > P(U). 
It is also defined as 
(F, A)= (4, Fy(@): a €A, Fy(a) € P(U)} 
Definition 2.3 [38] 
Let U be a universe of discourse and P(U) be a power set of U and k ={ky, kz, kz,..., kn}(n 21) be 
a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with Kj 9 K; 


@ for n = 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Ky x K3x ... x Ky = A = 
{ip X An,x X +++ X Ay} be a collection of sub-attributes, where1 <h<sa,1l<k<fB,and1<l< 
y, and a, B, and y € Nand NS“ be a collection of all neutrosophic subsets over U. Then the pair 
(F, Ky x Kz x K3x... x Ky = A) is said to be NHSS over U, and its mapping is defined as 
F: K, x Ky x K3x...* Ky =& 2 NS%, 
It is also defined as 
(F, A) = {((4 Fa(@)):& EA, Fa) € NS“}, where Fx() = {(6, o¢ a (8), Te(@ (5), Ye(@ (6): 6 € U}, 
where 4¢(4)(6), Tr(a)(5), and y¢(q)(5) represent the truth, indeterminacy, and falsity grades of the 
attributes such as o¢(q)(6), Tra) (O), Yr(ay(5) € [0,1], andO0 < oF(a)(6) + Tea (6) + Vem (6) S 3. 
Example 2.4 
Consider the universe of discourse U = {6,,6,} and & = {#€, = Teaching methdology, tz = 
Subjects,£3 = Classes} be a collection of attributes with following their corresponding attribute 
values are given as teaching methodology = L, = {a,, = project base,a,, = class discussion}, 
Subjects = Lz = {a2, = Mathematics,a,. = Computer Science,a,3 = Statistics}, and Classes = L3 = 
{a3, = Masters,a3, = Doctorol}. Let A = L, x L, x L3 bea set of attributes 
A= L, x Lz x Lz = {411,412} X {A21, 422,23} X {31,432} 
= le 21,431), (Ay1, 21, 432), (A114, A22, 31), (11, A22, 432), (G11, A23, 431), (G11, A23, a 

(Ay 2, A21,431), (42, A21, 432), (Ar2, 22,431), (G12, 422, A32), (Azz, 423, 431), (Ariz, A23, 432), 
A = {a,, a, a3, ay, ds, ae, a>, dg, Go, Gyo, ay, 42} 
Then the NHSS over U is given as follows 
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(FA) = 
(G1, (54, (.6,.3,.8)), (62, (.9,.3,.5))), (Gz, (61, (.5,.2,.7)), (2, (.7,-1,.5))), (Gs, (61, (.5,.2,.8)), (52, (.4,.3,.4))), | 
(ts, (61, (.2,.5,.6)), (52, (.5,.1,.6))), (@s, (51, (8,.4,.3)), (52, (2,-3,.5))), (tio, (51, (.9,-6,-4)), (82, (.7,.6,-8))), 
(G7, (64, (.6..5,.3)), (52, (.4,.2,.8))), (Gg, (64, (.8,.2,.5)), (5, (.6,.8,.4))), (Go, (64, (. 7,.4,-9)), (52, (.7..3,-5))), | 
(G10, (54, (.8,.4,.6)), (82, (.7,-2,.9))), (Gr, (1, (.8,-4,.5)), (52, (.4,.2,.5))), (Gis, (61, (.7,.5,-8)), (52, (.7,.5,.9))) 
Definition 2.5 [42] 
Let U be a universe of discourse and P(U) be a power set of U and k ={k,, kz, k3,..., Kn}(n 2 1) be 
a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; N K; = 
@ for n = 1 for each i, j € {1,23 ... n} and i # j. Assume K, x Kz x K3x ... x Ky, = A = 
{Ayn X Ag, X +X Any} be a collection of sub-attributes, where 1 <h<a,1<k<fB,and1<Il< 
y, and a, B,and y € Nand IVNS™ be a collection of all interval-valued neutrosophic subsets over 
U. Then the pair (F, K, x Kz x K3x ...* Ky = A) is said to be IVNHSS over U, and its mapping is 
defined as 
F: K, x Ky x K3x...* K, =& > IVNS®". 
It is also defined as 
( F , K ) = — {(Gy, Fig (Gp)): Gy EX, Fe(Gy) € NSYY  , where = Fx (4) = 


{(5, 0% (%,) (8), Tr(a) (5), ¥e(a,)(6)): 5 € Uf, where o5(%,)(5), tr(u,)(6), and y(%,)(5) represent the 


interval truth, indeterminacy, and falsity grades of the attributes such as o-(y,)(6) 

£ o £ o 
[oF Fray], ta = [ea ta], vee) = Ee RORZAMOIE 
where Ox(%,)(5), x(x) (8) > Tea, (8) tre)» Voce, Ka,)() S [0,1], and 0 < 


Ox (,) (5) + t(c4, (S)+ 1a, (8) < 3. 

Simply an interval-valued neutrosophic hypersoft number (IVNHSN) can be expressed as F = 
{[o% (8), OR (8), [eh cay (6), ty] [cay (8), 1a (8)]}, where 0 < o%:,)(8) + 
TE, (6)+ 14, (6) < 3. 


3. Similarity Measures for Interval-Valued Neutrosophic Hypersoft Set 


Many mathematicians developed various methodologies to solve MCDM problems in the past 
few years, such as aggregation operators for different hybrid structures, CC, similarity measures, and 
decision-making applications. The following section develops the cosine and set-theoretic similarity 
measure for IVNHSS. 

Definition 3.1 


Let (FA) = {(5:,[o%a9(6.), 2X) (6)]. [Fay (6), (6) [4,60 1X49 (6)]) | 6. € U} and 
Gud) = {(5: [ofa (8, F604 (8) [5c (8, 78049 (8) [rb cap (80-7H9(5D]) | 6: € U} be two 
IVNHSSs defined over a universe of discourse U. Then, the then cosine similarity measure of (F,A) 
and (G,/) can be described as follows: 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 829 


Sivnuss((F,A), (G,M)) = 
(FF G+ F564) (6))(F§ cq Dt sta 
(vec porns yi 


(coo) (756, :)) *+(heay(@ 


(ceo) +00) +(cbea yd 
Proposition 3.2 
Let (F,A), (G,A), and (#,C) € NHSS, then the following properties hold 
1. 0S Sivyuss((FA), (GA) < 1 


2 Sivuuss((F.A), (G,M)) a Sivnuss((G,M), (F,A)) 
3. If (FA) © GA) © (H,C), then Siyyuss(FA),(H,0)) < Sivwuss((F.A), (G,A)) and 


Sivwnss((FA), (H,6)) < Sivwnss(GA), (H, 0). 


Proof: Using the above definition, the proof of these properties can be done easily. 
Definition 3.3 


Let (F,A) = {(5, [ore (6), 6% (6). [Fe (d.7% (6). [roc (6.1%, ()]) | 5 € u} and 
(GM) = {(5, [ofc 6), 0 (6)] [ebay (6), iy (6 [oc (6.7%, (6)]]) | 5, € u} be two 


IVNHSSs defined over a universe of discourse U. Then, the then cosine similarity measure of (F,A) 
and (G,/) can be described as follows: 


Sivnuss ( (FA) , (GA) ) 
aod oH, (81))( 86a) + Oa, (81) +(FF (ay) 80+ ‘rap (=u) 0+ *Ya,)(0)+ 
(V4) 80+ Hay) OO) Yq) 60+ i (60) 


2 
(( (cs) +(2,,)(00) +(%aqy% 
max 2 
((céus*) +(x) 0) +( Heap 
Proposition 3.4 


Let (FA) = {(5:, [oF 9(6.), 26) (6)]. [ay (6), (6) [4c (60, ray (6)]) | 6. € U} and 


(G,M) = {(5., [ofc )(6), 0%.) (6)] [bey]. [r6ey 6).74,9(6)]) | 5: € u} be two 
IVNHSSs. Then, the following properties hold. 
1. OS Siynuss((FA), (GA)) < 1 


2. Sivwuss((F A), (G,M)) = Sivnuss((G,A), (F A)) 
3. If (FA) © GA) © (H,C), then Siywuss(FA),(H,0)) < Siwuss((F.A), (G,A)) and 
Sivnuss (FA), (H,0)) S Sirwuss(G.A), (H, C)). 


Proof: Using the above definition, the proof of these properties can be done easily. 


YS w 


)+ (Fay D+ Fay (“Gay Ot e{,)(6D)+ 
eee port rg (6) 


2 
+(x) (0) +(bag (6) +(r54 (0) ‘) 


) 
mr 


2 2 
+(Elqy(60) +(rb cy) +499) 


a Wiha Dh 
7%,,)(0) *+(1£ap(@0) +(72,,)0) )} 

7 2 
+ Hay) +(e) *(rZiy) 0) ) 


)+( 
7 


4. Application of Correlation Coefficient for Decision Making Under IVNHSS Environment 
This section utilized the developed approaches based on cosine and set-theoretic similarity 
measures for decision making. 
4.1 Algorithm for Similarity Measures of IVNHSS 
Step 1. Pick out the set containing parameters. 


Step 2. Construct the IVNHSS according to experts. 
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Step 3. Compute the cosine similarity measure by using definition 3.1. 


Step 4. Compute the set-theoretic similarity measure for NHSS by utilizing definition 3.3. 

Step 5. An alternative with a maximum value with cosine similarity measure has the maximum rank 
according to considered numerical illustration. 

Step 6. An alternative with a maximum value with a set-theoretic similarity measure has the 
maximum rank according to considered numerical illustration. 

Step 7. Analyze the ranking.” 


Input alternatives, attributes 
*Construct the IVNHSS according to experts 


¢Compute the cosine similarity measure by using 
definition 3.1. 


*Compute the set-theoretic similarity measure for 
NHSS by utilizing definition 3.3. 


*Compute score values 
¢Pick the most suitable alternae with supreme score 
value 
¢ Analyze the alternatives ranking 


Figure 1: Flow chart of the presented similarity measures 


4.2. Problem Formulation and Application of IVNHSS For Decision Making 

A construction company calls for the appointment of a civil engineer to supervise the workers. Several 
engineers apply for the civil engineer post, simply four engineers call for an interview based on experience for 
undervaluation suchas S ={S,, Sz, S53, S,} bea set of selected engineers call for the interview. The managing 
director hires a committee of four experts U = {k,, K2,K3,«,4}} for the selection of civil engineer. The group 
of experts chooses the set of attributes for the selection of an appropriate civil engineer such as 2 = 
{@, = Experiance, €, = Dealing skills, ?3 = Qualification} be a set of parameters for the selection of 
MS. Experience = ¢, = {a,,; = more than 20,a,, = less than 20}, Dealing skills = €, = {a,, = 
public dealing, az, = Staff dealing} i and Qualification = £3 = {a3, = 
Doctoral degree in medical education,a3, = Masters degree in medical education}. Let L’ = £, x 
£, x £3 beaset of sub-attributes. The experts evaluate the applicants under defined parameters and forward 
the evaluation performa to the company's managing director. Finally, the director scrutinizes the best applicant 
based on the expert’s evaluation report. Let 2’ = £, x £, x £3 beaset of sub-attributes 
R= €, x €, x €3 = {Ay Aya} X {Ay1,A22} X {31,A32} 
- [a 21,431), (A441, Az, 432), (Ay1, 422, 431), (Ay1, Az2, 432), 


© Utz, 2131), (rz, @21, 32), (12, 422,431), (G12, M22, G32) 
of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of 


IVNHSNs under the considered multi sub-attributes. The developed method to find the best 
alternative is as follows. 


F Oo ie ent ee Se 
\ QL’ = {4,, dz, dz, dy, ds, Gg, d7,dg} be aset 
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4.2.1. Application of IVNHSS For Decision Making 
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Assume S = {5S,, Sy, S3, 5,4} be a set of alternatives which are shortlisted for interview and 2 = 


{€, = Experiance, f, = Dealing skills, £3 = Qualification} be a set of parameters for the selection of 


MS. Experience = ?, = {a@,, = more than 20,a,, = less than 20}, Dealing skills = ?, = {a,,= 


public dealing,az, = Staff dealing} f 


and 


Qualification = 


e; 


= {a3 = 


Doctoral degree in medical education, a32 = Masters degree in medical education}. Let 2’ = €, x 


€, x #3 be a set of sub-attributes. The health ministry defines a criterion for selecting MS for all 


alternatives in terms of IVNHSNs given in Table 1. 


Table 1. Decision Matrix of Concerning Department 


12) a a, a3 a, as ae a, ag 
6, ({.3,.5], [.2,.4], [.2,.6]) (L2,.3L05,.7], [.4,.3) (L5, -6], [.1,.3], [.4,.6]) ([-2,.4], [.3, 5], [.3, .6]) ([-2,.3], 2, .4], [-4,.5]) ([-4, 6], [-1, .3], [-2,.4]) (L6,.7], [.2, .3], [.3,-4]) (L-4,-5], [.5, 8], [.1,.2]) 
5 (5, .6], [-1, .3], [-4,.6]) (L5,.7], [-1,.2], [.4,.6]) (L-2,.4], [.3,.4], [-2,.5]) (6, 8], [.1,.2], [.3,.5]) ([-4,.6], [-4, 5], [.3,.5]) ([-3,.5], 4,5], [-1,.3]) ((-1,.2], [.5, 8], [.2,.4]) (L5,.7], [-1,.2], [.5, .6]) 
63 ([-2,.4], LS, .6], [.4,.6]) ((-2,.4], [.3,.4], [-2,.5]) ((-4 .6], 2, .3], [-1,.4)) ([-2, .5], [.2, .3], [.1, .6]) ([-3, 4], [2,5], [-5,.7]) ([-3,.5], -4, 5], [-1,.3]) ([-2,.4], [7,8], [.1,.2]) ((-1,.2], [.7, 8], [.2,.3]) 
Oy ({-2,.3], ES, .7], [-1,.3]) (L3,.4], [-2,.5], [-5,.7]) ([-2, .4], [.3, 5], [.3, .6]) (L5,.7], [-1,.2], [.4,.6]) ([-4, 6], [-1, .3], [-2,.4]) ({-1,.2], ES, .8], [.2,.4]) ([-2,.4], [.3,.4], [-2,.5]) (L5, 6], [.1,.3], [.4,.6]) 
Table 2. Decision Matrix for Alternative 8 
co) di, hp ts is i; ig it, i, 
On ((-2,.4], [.4,-5], [.-3,-4)) (L3,.4], [4-5], [-2,.5]) ([-3, 6], [-2, .3], [-1,.2]) ([-2,.4], [-4, .6], [-1,.2]) ((-1,.3], [.6,.7], [.2,.3]) (L-4,-5], [.2, .5], [.2,.3]) ([-6,.7], [-1,.2], [-2,.3]) ([-4, 6], [-2, .3], [-4,.5]) 
5, (L3,.4], [2,5], [-5,.7]) ((-4,-7], [-1,.2], [-,.2)) ([-4,.5], [2,5], [-1,.2]) ([-5,.7], [-1,.2], [.2,.4]) (6, 8], [.1,.2], [.1,.5]) ([-2,.4], [7,8], [-1,.2]) ({-2,.4], 3, .5], [.3, .6]) ([-3,.4], -4, 5], [-2,.4]) 
63 (L5, .6], [.2, .3], [.4,.5]) (L5,.7], [-1,.2], [.2,-4]) ([-7, 8], [-1,.2], [-2,.4]) ({-1,.3], [1,5], [-2,.5]) ((-1,.4], [.2,.4], [.,.2]) (2, .5], [.2,.4], [.3,.5]) ([-3,.5], 2, .4], [-4,.6]) ([-5,.7], [1,.2], [-5, .6]) 
54 (3, .5], [.3,.4], [-6,.7]) ([-2,.4], [.3, 4], [-2,.5])) ({-2,.4], L7, 8], [-1,.2]) ((-4,.7], [1.2], [-1,.2]) (L5, 6], [.2, .3], [.4,.5]) (L-2,.4], [.3, 5], [.3, .6]) ([-4, .6], [-2, .3], [-4,.5]) ([-1,.3], £1, .5], [-2,.5]) 
Table 3. Decision Matrix for Alternative ‘®@) 
x® di, dp iis ii, is ig %, Bg 
6 (24,646,145) (23,646,135)  (L268)125) (45,625,602) (23,646,135) (1266.8)62.5) (7,8) 642.623) (316.7), £2..5) 
& (45,625,602) C5-76b20124) CL3b667)126) CL4bi2sh14.6) (Lb b24bbL2) (2,625,046) (4), [2.5) 64.6) (Lt, 4, (2,5), [4,.6) 
& (3,4, £2-6,14.6) (24,634,625) (45,625,002)  (L-2262-5,04.6) (3,5) 63-5,16.7) (3,5) 63,5)66.-7) (1.21625) 64.6) (05,7) (1.2), 62.4) 
& = (24,645,168) (35,635,167) L206 5.146) CL4b24bL2) (45,025,602) C2,62-5)64.6) (45) 62-5, 60-2) (212.5), (4,6) 
Table 4. Decision Matrix for Alternative X@ 
x tj te ts ts is ig it, ts 
8 (667LL021(35) (6-8) 14.2[2.3)  (66-7113,5,00.2) (7, 8b6121[25) (67bEL 20602) (58h 612,124)  C3,66-70L2.5) 7,8) 64,21, 62,3) 
& — C57h[3-4)623) (5,71 125)[23) (56,134,142) (78b135,L0.3) CL2b(25,646) CL4bl25)146) (46)623bL0.2I) (4,6) 62.3] 60.2) 
63 (£2,.4),03,4102.5) (4.7, [2.31)[3.7) (461123) .L2) (3,5,03,5).6.7) (66-8) .L-2000.2) (7, 8)04.2.02-4) (1,21 2..5)046) — (f.6,.8}, [1,2], 3) 
& = (6, 81 [3-4,00.2) (5.7, 01-2b(45)  (.2,025) 04-6) (5,6, [3-4) 00.2) (62,.4)03,4102.5) (LL.3)06.7.12-5) (7,8) [1.2)02,5) — (f-4,-6], [2,3], 4.27) 
Table 5. Decision Matrix for Alternative x“ 
co) ii, dp is ii, is ig it, is 
8 (E3-5/L24,(0.2) (03-6, 0.204.7) (471 13-4[2.3) (67, 8b62,4, 135)  (5-70034112.4) 4.6) 62-5)63-4) (2.3, 65-7624) (05,-7).£2,4], 63,5) 
& = (45,657,624)  (47113-5)[24) 5, 81(3-4)[23) (24162 3b(45) (35)123)[35) (62446231036)  (£5,-8]63,-6)12,3) (4,6), [2.3] 2-21) 
&  (E2-41,L3,4,L2.5)  ((4,.6),[2,3)135) (3,5) 135) 60.2)  (63-5)64.6,16.7)  (E5-7b60.2114.5) (46,635,621) (6.7) 61-2163,5) (2,5). 62,3], £4,.6)) 
6 (1.2 [2-5).04.6) (5,.7, [2-41 .L.3) (3,5, [25], .0.3) (4.6, [2,5. (3.4) (5,8. [3,41[2.3) (46,123) .L21D  (4-7003,5)12-4) (22,41. 3,41, 62,.5) 
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Step 3. Compute the cosine similarity measure by using definition 3.1. 

By using Tables 1-5, compute the cosine similarity measure between Sjyyyss(S,51), Sivnuss(S/S2), 
Sivuuss(S,S3), and Siynuss(S,S;) by using equation 3.1, such as 

Sivnnss(5,51) = 0.07007. 

Similarly, we can find the cosine similarity measure between Siynuyss(S,52), Sivnunss(S,53), and 
Sivnuss(S/Sa) given as 

Sivwuss(S,S2) = 0.06771, Siynnss(5S,53) = 0.06943, and Siywnss(S,54) = 0.06874. This shows that 
Sivnuss(S, 51) > Sivnuss(S, 53) > Sivnuss(S,S4) > Sivnnss(S,S2). It can be seen from this ranking 
alternative S; is most relevant and similar to S. Therefore S, is the best alternative for the civil 
engineer, the ranking of other alternatives given as S, > S3 > S4 > Sp. 

Now we compute the set-theoretic similarity measure by using Definition 3.3 between Sfryyss(S,51); 
Sfonuss(S:S2)> Sfrnuss(S,53), and Sfyyss(S,54) given as From Tables 1-5, we can find the set-theoretic 
similarity measure for each alternative by using definition 3.3 given as Sfyyyss(S,51) = 0.06986, Sirnnss(S,52) 
= 0.06379, Sfruss(S,53) = 0.06157, and Spyyss(S,54) = 0.06176. Shrypss(S,51) > Sirwyss(S,S2) > 
Sivnnss(5, 54) > Sivwuss(S,53). It can be seen from this ranking alternative S, is most relevant and similar 
to S. Therefore S, is the best alternative for the civil engineer, the ranking of other alternatives given as S, > 


Leia 
5. Discussion and Comparative Analysis 


In the subsequent section, we will talk over the usefulness, easiness, manageability, and assistance of 
the planned method. We also performed a short evaluation of the undermentioned: the planned 
technique and some prevailing methodologies. 


5.1. Superiority of the Proposed Approach 

Through this study and comparison, it could be determined that the consequences acquired by the 
suggested approach have been more common than either available method. Overall, the DM procedure 
associated with the prevailing DM methods accommodates extra information to address hesitation. Also, FS’s 
various hybrid structures are becoming a particular feature of NHSS, along with some appropriate 
circumstances added. The general info associated with the object could be stated precisely and analytically, see 
Table 6. Therefore, it is a suitable technique to syndicate inaccurate and ambiguous information in the DM 


process. Hence, the suggested approach is practical, modest, and ahead of fuzzy sets’ distinctive hybrid 


structures. 
Table 6. Comparison between NHSS and some existing techniques 
Set Truthiness Indeterminacy Falsity Parametrization Attributes Sub-attributes 
Zadeh [1] FS v x x x Jv x 
Atanassov [2] IFS Vv x v x v x 
Smarandache [34] NS v v Vv x Vv x 
Maji et al. [21] FSS v x x if v x 
Maji et al. [22] IFSS V x v v v x 
Peng et al. [26] PFSS v x v Vv Vv x 
Maji [35] NSS Vv Vv Vv Vv Vv x 
Zulgarnain et al. [46] | IFHSS v x v v Vv Vv 
Zulgarnain et al. [47] PFHSS v x v v Vv Vv 
Proposed approach NHSS v Vv Vv Vv v Vv 


It turns out that this is a contemporary issue. Why do we have to embody novel algorithms based on 
the proposed novel structure? Many indications compared with other existing methods; the 
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recommended method may be an exception. We remember the following fact: the mixed structure 
limits IFS, picture fuzzy sets, FS, fuzzy hesitation sets, NS, and other fuzzy sets and cannot provide 
complete information about the situation. But our m-polar model GmPNSS can deal with truthiness, 
indeterminacy, and falsity, so it is most suitable for MCDM. Due to the exaggerated multipolar 
neutrosophy, these three degrees are independent and provide a lot of information about alternative 
norms. Other similarity measures of available hybrid structures are converted into exceptional cases 
of GmPNSS. A comparative analysis of some already existing techniques is listed above in Table 6. 
Therefore, this model has more versatility and can efficiently resolve complications than 
intuitionistic, neutrosophic, hesitant, image, and ambiguity substitution. The similarity measure 
established for GmPNSS becomes better than the existing similarity measure for MCDM. 


5.1 Comparative Analysis 


In the following section, we recommend another algorithmic rule under NHSS by utilizing the 
progressed cosine similarity measure and set-theoretic similarity measure. Subsequently, we use the 
suggested algorithm to a realistic problem, namely the appropriate civil engineer in a company. The 
overall outcomes prove that the algorithmic rule is valuable and practical. It can be observed that S, 
is the most acceptable alternative for the civil engineer position. The recommended approach may be 
compared to other available methods. From the research findings, it has been concluded that the 
outcomes acquired by the planned approach exceed the consequences of the prevailing ideas. 
Therefore, compared to existing techniques, the established similarity measures handled the 
uncertain and ambiguous information competently. However, under current DM strategies, the core 
advantage of the planned method is that it can accommodate extra info in data comparative to 
existing techniques. It is also a beneficial tool to solve inaccurate and imprecise information in DM 
procedures. The benefit of the planned approach and related measures over current methods is 
evading conclusions grounded on adverse reasons. 


5.2. Discussion 


Zadeh’s [1] FS handled the inaccurate and imprecise information using MD of sub-attributes of 
considered attributes for each alternative. But the FS has no evidence around the NMD of the 
considered parameters. Atanassov’s [2] IFS accommodates the unclear and undefined objects using 
MD and NMD. However, IFS cannot handle the circumstances when MD + NMD 21, conversely, is 
presented notion competently deals with such difficulties. Meanwhile, these theories have no 
information about the indeterminacy of the attributes. To overcome such problems, Smarandache 
[34] proposed the idea of NS. Maji et al. [21] presented the notion of FSS to deal with the 
parametrization of the objects, which contains uncertainty by considering the MD of the attributes. 
But, the presented FSS provides no information about the NMD of the thing. To overcome the 
presented drawback, Maji et al. [22] offered the concept of IFSS. The proposed notion handles the 
uncertain object more accurately by using the MD and NMD of the attributes with their 
parametrization, and the sum of MD and NMD does not exceed 1. To handle this scenario, Peng et 
al. [26] proposed the notion of PFSS by modifying the condition MD + NMD <1 to MD? + NMD? < 
1 with their parametrization. The PFSS is unable to deal with the indeterminacy of the attributes. 
Maji [35] introduced the concept of NSS, in which decision-makers competently solve the DM 
problems comparative to the above-studied theories using truthiness, falsity, and indeterminacy of 
the object. But all the studies mentioned above have no information about the sub-attributes of the 
considered attributes. So the theories discussed earlier cannot handle the scenario when 
characteristics have their corresponding sub-attributes. Utilizing the MD and NMD, Zulgarnain et al. 
[46] extended the IFSS to IFHSS and proposed the CC and WCC for IFHSS in which MD + NMD < 1 
for each sub-attribute. But IFHSS cannot provide any information on the NMem values of the sub- 
attribute of the considered attribute. Zulgarnain et al. [47] proposed the more generalized notion of 
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PFHSS comparative to IFHSS. The PFHSS accommodates more uncertainty compared to IFHSS by 
updating the condition MD+ NMD<1 to (ox¢(6)) + (tea) (5))° < 1. All existing hybrid 
structures of FS cannot handle the indeterminacy of sub-attributes of considered n-tuple attributes. 
On the other hand, developed aggregation operators can accommodate the sub-attributes of 
considered attributes using truthness, indeterminacy, and falsity objects of sub-attributes with the 
following condition 0 < o¢(4)(5), Tra)(6), Yer(q@(5) S 3. It may be seen that the best selection of the 


suggested approach is to resemble the verbalized own method, and that ensures the liableness along with the 
effectiveness of the recommended approach. 


6. Conclusion 

The interval-valued neutrosophic hypersoft set is a novel concept that is an extension of the 
interval-valued neutrosophic soft set. This paper studies some basic concepts such as soft set, NSS, 
HSS, IFHSS, PFHSS, and NHSS. We developed the idea of cosine similarity measure and set-theoretic 
similarity measure for IVNHSS and described their desirable properties. Furthermore, a decision- 
making approach has been developed for IVNHSS based on the proposed technique. To verify the 
effectiveness of our developed techniques, we presented an illustration to solve MCDM problems. 
We introduced a comprehensive comparative analysis of proposed techniques with existing 
methods. In the future, the concept of IVNHSS will be extended to m polar interval-valued NHSS. It 
will solve real-life problems such as medical diagnoses, decision-making, etc. Future research will 
concentrate on presenting numerous other operators under the mPIVNHSS environment to solve 
decision-making issues. Many other structures such as topological, algebraic, ordered structures, etc., 


can be developed and discussed under-considered environment. 


References 

1. L.A. Zadeh, Fuzzy sets, Information and Control 8 (1965), 338-353. 

2. K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets, and Systems 20 (1986), 87-96. 

3. R.R. Yager, Pythagorean fuzzy subsets. Procedings Joint IFSA World Congress and NAFIPS 
Annual Meeting. Edmonton, Canada, (2013), 57-61. 

4. R.R. Yager, Pythagorean membership grades in multicriteria decision making, IEEE Transections 
on Fuzzy Systems 22 (4) (2014), 958-965. 

5. X. Zhang and Z. Xu, Extension of TOPSIS to multiple criteria decision making with pythagorean 
fuzzy sets, International Journal of Intelligent Systems 29 (12) (2014), 1061-1078. 

6. G. Wei and M. Lu, Pythagorean fuzzy power aggregation operators in multiple attribute 
decision making, International Journal of Intelligent Systems 33 (1) (2018), 169-186. 

7. L.Wangand N. Li, Pythagorean fuzzy interaction power bonferroni mean aggregation operators 
in multiple attribute decision making, International Journal of Intelligent Systems, 35 (1) (2020), 150- 
183. 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 835 


8. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
22. 


H. Gao, M. Lu, G. Wei, Some Novel Pythagorean Fuzzy Interaction Aggregation Operators 

in Multiple Attribute Decision Making, Fundamenta Informaticae 159 (2018), 385-428. 

G. Wei, Pythagorean fuzzy interaction aggregation operators and their application to multiple 
attribute decision making, Journal of Intelligent & Fuzzy Systems 33 (2017), 2119-2132. 

X.L. Zhang, A novel approach based on similarity measure for pythagorean fuzzy multiple 
criteria group decision making, International Journal of Intelligent Systems 31 (6) (2016), 593-611. 
L. Wang, H. Garg and N. Li, Pythagorean fuzzy interactive hamacher power aggregation 
operators for assessment of express service quality with entropy weight, Soft Computing (2020), 
1-21. 

L. Wang and N. Li, Continuous interval-valued pythagorean fuzzy aggregation operators for 
multiple attribute group decision making, Journal of Intelligent and Fuzzy Systems 36 (6) (2019), 
6245-6263. 

X. Peng and H. Yuan, Fundamental properties of pythagorean fuzzy aggregation operators, 
Fundamenta Informaticae 147 (2016), 415-446. 

X. Peng and Y. Yang, Some results for pythagorean fuzzy sets, International Journal of Intelligent 
Systems 30 (11) (2015), 1133-1160. 

H. Garg, New logarithmic operational laws and their aggregation operators for pythagorean 
fuzzy set and their applications, International Journal of Intelligent Systems 34 (1) (2019), 82-106. 
R. Arora and H. Garg, Group decision-making method based on prioritized linguistic 
intuitionistic fuzzy aggregation operators and its fundamental properties, Computational and 
Applied Mathematics 38 (2) (2019), 1-36. 

Z. Ma and Z. Xu, Symmetric pythagorean fuzzy weighted geometric/averaging operators and 
their application in multi criteria decision-making problems, International Journal of Intelligent 
Systems 31 (12) (2016), 1198-1219. 

D. Molodtsov, Soft set theory first results, Computers & Mathematics with Applications 37 (1999), 
19-31. 

P.K. Maji, R. Biswas and A.R. Roy, Soft set theory, Computers and Mathematics with Applications 
45 (4-5) (2003), 555-562. 

P.K. Maji, A-R. Roy and R. Biswas, An application of soft sets in a decision making problem, 
Computers and Mathematics with Applications 44 (2002), 1077-1083. 

P.K. Maji, R. Biswas and A.R. Roy, Fuzzy soft sets, Journal of Fuzzy Mathematics 9 (2001), 589-602. 
P.K. Maji, R. Biswas and A.R. Roy, Intuitionistic fuzzy soft sets, Journal of Fuzzy Mathematics 9 
(2001), 677-692. 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 836 


23. 


24. 


25. 


26. 


273 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 
36. 


H. Garg and R. Arora, Generalized and group-based generalized intuitionistic fuzzy soft sets 
with applications in decision-making, Applied Intelligence 48 (2018), 343-356. 

H. Garg and R. Arora, TOPSIS method based on correlation coefficient for solving decision- 
making problems with intuitionistic fuzzy soft set information, AIMS Mathematics 5 (4) (2020), 
2944-2966. 

R. M. Zulgarnain, X. L. Xin, M. Saqlain, W. A. Khan, TOPSIS Method Based on the Correlation 
Coefficient of Interval-Valued Intuitionistic Fuzzy Soft Sets and Aggregation Operators with 
Their Application in Decision-Making, Journal of Mathematics, 2021, 1-16. 
https://doi.org/10.1155/2021/6656858. 


X. Peng, Y. Yang and J. Song, Pythagoren fuzzy soft set and its application, Computer Engineering 
41 (7) (2015), 224-229. 

T.M. Athira, SJ. John and H. Garg, A novel entropy measure of pythagorean fuzzy soft sets, 
AIMS Mathematics 5 (2) (2020), 1050-1061. 

T.M. Athira, S.J. John and H. Garg, Entropy and distance measures of pythagorean fuzzy soft 
sets and their applications, Journal of Intelligent & Fuzzy Systems 37 (3) (2019), 4071-4084. 
Zulgarnain, R. M., Siddique, I., Jarad, F., Hamed, Y. S., Abualnaja, K. M., & Iampan, A. (2022). 
Einstein Aggregation Operators for Pythagorean Fuzzy Soft Sets with Their Application in 
Multiattribute Group Decision-Making. Journal of Function Spaces, 2022. 

M. Riaz, K. Naeem and D. Afzal, Pythagorean m-polar fuzzy soft sets with TOPSIS method for 
MCGDM, Punjab University Journal of Mathematics 52 (3) (2020), 21-46. 

M. Riaz, N. Khalid and D. Afzal, A similarity measure under pythagorean fuzzy soft 
environment with applications, Computational and Applied Mathematics 39 (4) (2020), 1-17. 
Zulgarnain, R. M., Siddique, I., Ahmad, S., lampan, A., Jovanov, G., VranjeS, D., & Vasiljevi¢, J. 
(2021). Pythagorean fuzzy soft Einstein ordered weighted average operator in sustainable 
supplier selection problem. Mathematical Problems in Engineering, 2021. 

Zulgarmain, R. M., Siddique, L, & EI-Morsy, S. (2022). Einstein-ordered weighted geometric 
operator for Pythagorean fuzzy soft set with its application to solve MAGDM problem. 
Mathematical Problems in Engineering, 2022. 

F. Smarandache, Neutrosophy: neutrosophic probability, set, and logic: analytic synthesis & 
synthetic analysis, Rehoboth Am. Res. Press 1998. 

Maji, P.K. Neutrosophic soft set. Annals of Fuzzy Mathematics and Informatics. 2013, 5(1), 157-168. 
Karaaslan, F. Possibility neutrosophic soft sets and PNS-decision making method. Applied Soft 
Computing Journal. 2016, 54, 403-414. 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 837 


37. 


38. 


39. 


40. 


Al. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


Broumi, S. Generalized Neutrosophic Soft Set. International Journal of Computer Science, 
Engineering and Information Technology. 2013, 3(2), 17-30. 

Deli, I.; Subas, Y. A ranking method of single valued neutrosophic numbers and its applications 
to multi-attribute decision making problems. Int. J. Mach. Learn. & Cyber. 2017, 8, 1309-1322. 
Wang, H.; Smarandache, F.; Zhang, Y. Single valued neutrosophic sets. Int. J. Gen. Syst, 2013, 42, 
386-394. 

Ye, J. A multicriteria decision-making method using aggregation operators for simplified 
neutrosophic sets. Journal of Intelligent and Fuzzy Systems. 2014, 26, 2459-2466. 

Hashmi, M.R.; Riaz, M.; Smarandache, F. m-Polar Neutrosophic Topology with Applications to 
Multi criteria Decision-Making in Medical Diagnosis and Clustering Analysis. Int. J. Fuzzy Syst, 
2019, Dec (2019). 

R. M. Zulqarnain, X. L. Xin, M. Saeed, F. Smarandache, N. Ahmad, Generalized Neutrosophic 
TOPSIS to Solve Multi-Criteria Decision-Making Problems, Neutrosophic Sets and Systems, 38, 
276-292, (2020). 

F. Smarandache, Extension of Soft Set to Hypersoft Set, and then to Plithogenic Hypersoft Set, 
Neutrosophic Sets and Systems, 22 (2018), 168-170. 

S. Rana, M. Qayyum, M. Saeed, F. Smarandache, Plithogenic Fuzzy Whole Hypersoft Set: 
Construction of Operators and their Application in Frequency Matrix Multi Attribute Decision Making 
Technique, Neutrosophic Sets and Systems, 28 (2019), 34-50. 

R. M. Zulgarnain, X. L. Xin, M. Saqlain, F. Smarandache, Generalized Aggregate Operators on 
Neutrosophic Hypersoft Set, Neutrosophic Sets and Systems, 36 (2020), 271-281. 

R. M. Zulqarnain, X. L. Xin, M. Saeed, Extension of TOPSIS method under intuitionistic fuzzy 
hypersoft environment based on correlation coefficient and aggregation operators to solve 
decision making problem. AIMS Mathematics 2020, 6 (3), 2732-2755. 

R. M. Zulgarnain, I. Saddique, F. Jarad, R. Ali, T. Abdeljawad, Development of TOPSIS 
Technique Under Pythagorean Fuzzy Hypersoft Environment Based on Correlation Coefficient 
and Its Application Towards the Selection of Antivirus Mask in COVID-19 Pandemic. 
Complexity, Complexity, Volume 2021, Article ID 6634991, 27 pages, 
https://doi.org/10.1155/2021/6634991. 


R. M. Zulgarnain, X. L. Xin, B. Ali, S. Broumi, S. Abdal, M. I. Ahamad, Decision-Making 
Approach Based on Correlation Coefficient with its Properties Under Interval-Valued 


Neutrosophic hypersoft set environment. Neutrosophic Sets and Systems, 40,12-28, (2021). 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 838 


49. 


50. 


51. 


OZ: 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


R. M. Zulgarnain, X. L. Xin, M. Saglain, M. Saeed, F. Smarandache, M. I. Ahamad, Some 
Fundamental Operations on Interval Valued Neutrosophic Hypersoft Set with Their Properties. 
Neutrosophic Sets and Systems, 40,134-148, (2021). 

R. M. Zulgarnain, I. Siddique, S. Ahmad, S. Ayaz, B. Said, An Algorithm Based on Correlation 
Coefficient Under Neutrosophic hyper soft set environment with its Application for Decision- 
Making, Neutrosophic Sets and Systems, 46, 128-140. 

R. M. Zulgarnain, I. Siddique, R. Ali, F. Jarad, A. Iampan, Multi Criteria Decision Making 
Approach For Pythagorean Fuzzy Hypersoft Sets Interaction Aggregation Operators, 
Mathematical Problems in Engineering, 2021. 

Zulgarmain, R. M., Siddique, I, Jarad, F., & Iampan, A. (2022). Aggregation Operators for 
Interval-Valued Intuitionistic Fuzzy Hypersoft Set with Their Application in Material Selection. 
Mathematical Problems in Engineering, 2022. 

I. Siddique, R. M. Zulgarnain, R. Ali, F. Jarad, A. Iampan, Multicriteria Decision-Making 
Approach for Aggregation Operators of Pythagorean Fuzzy Hypersoft Sets, Computational 
Intelligence and Neuroscience, 2021. 

A. Samad, R. M. Zulqarnain, E. Sermutlu, R. Ali, I. Siddique, F. Jarad , T. Abdeljawad, Selection 
of an Effective Hand Sanitizer to Reduce COVID-19 Effects and Extension of TOPSIS Technique 


Based on Correlation Coefficient under Neutrosophic Hypersoft Set, Complexity, 2021, Article 


ID 5531830, 1-22. https://doi.org/10.1155/2021/5531830. 

R. M. Zulqarnain, Imran Siddique, Rifaqat Ali, Fahd Jarad, Abdul Samad, and Thabet 
Abdeljawad. "Neutrosophic Hypersoft Matrices with Application to Solve Multiattributive 
Decision-Making Problems." Complexity 2021 (2021). 

S. Broumi, A. Bakali, M. Talea, Singh P. K., F. Smarandache, Energy and Spectrum Analysis of 
Interval-valued Neutrosophic graph Using MATLAB, Neutrosophic Set and Systems, vol. 24, 
Mar 2019, pp. 46-60. 

S. Broumi, M. Talea, A. Bakali, F. Smarandache, Singh PK, Properties of Interval Valued 
Neutrosophic Graphs, In Fuzzy Multi-criteria Decision Making Using Neutrosophic Sets, 
Studies in Fuzziness and Soft Computing Vol 369, https://doi.org/10.1007/978-3-030-00045-5_8. 


P. K. Singh , Interval-valued neutrosophic graph representation of concept lattice and its (a, B, 
y)-decomposition, Arabian Journal for Science and Engineering, 2018, Vol. 43, Issue 2, pp. 723- 
740. 

R. M. Zulqarnain, H. Garg, I. Siddique, A. Alsubie, N. Hamadneh, I. Khan, Algorithms for a 


generalized multi-polar neutrosophic soft set with information measures to solve medical 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


Neutrosophic Sets and Systems, Vol. 51, 2022 839 


diagnoses and decision-making problems, Journal of Mathematics, Volume 2021, Article ID 


6654657, 1-30, https://doi.org/10.1155/2021/6654657. 
60. R. M. Zulqarnain, I. Siddique, A. Iampan, E. Bonyah, Algorithms For Multi-Polar Interval- 


Valued Neutrosophic Soft Set With Information Measures to Solve Multi-Criteria Decision- 


Making Problem, Computational Intelligence and Neuroscience, 2021. 


Received: Apr 13, 2021. Accepted: Nov.10, 2022 


Rana Muhammad Zulqarnain, Aiyared Iampan, Hamiden Abd El-Wahed Khalifa, Imran Siddique, Similarity Measures for 
Interval-Valued Neutrosophic Hypersoft Set With Their Application to Solve Decision Making Problem 


